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A change in concentration in the serum of sodium, potassium,
calcium and protein and an increase in water content of the body
in patients with pemphigus has been described in recent communi-
cations from this laboratory (1, 2). These studies have confirmed
previous contentions that a metabolic dyscrasia is intimately
associated with the pathogenesis of the disease. These observa-
tions have been extended recently to include a study of the electro-
lyte content and the water and electrolyte permeability of the
red blood cell. During an exacerbation of skin lesions in
pemphigus an increase in concentration of sodium in the erythro-
cyte is present. The erythrocyte membrane in pemphigus re-
sembles the normal in that it is permeable to sodium but imperme-
able to potassium (3). Sodium exchange, however, between
plasma and cells in vitro, does not follow the normal trend. This
phenomenon may be secondary to the abnormal concentrations
of electrolytes in plasma and erythrocytes.
SUBJECTS AND METHODS
The observations were made upon 13 patients with pemphigus,
one patient with Addison's disease, one patient with epidermolysis
bullosa and 6 healthy persons. Three of the patients with pem-
* From the Medical and Dermatological Clinics of the Massachusetts General
Hospital and the Fatigue Laboratory, Harvard University, Boston. This in-
vestigation was aided by a grant from the Milton Fund, Harvard University and
by the Corn Industries Research Foundation.
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phigus were followed through an exacerbation with subsequent
remission. The clinical data are summarized in table I.
For the determination of concentration of cell and plasma con-
stituents, approximately 25 cc. of blood was withdrawn into a
tube which contained sufficient heparin to prevent coagulation.
The cells were separated at once in a centrifuge in order to mini-
mize electrolyte exchange (3). The serum was then drawn off
and saved, and the cells centrifuged a second time at a high rate
of speed until no perceptible additional packing occurred. This
required about 30 minutes, but at least one hour was allowed,
usually. The serum and the top 1 or 2 cc. of red cells with the
adherent white cells and fibrin were withdrawn and discarded.
Observations were made upon cell sodium, potassium, water and
volume and upon plasma sodium, potassium, water, chloride,
calcium, protein, and non-protein nitrogen. Potassium was
determined on 0.1 cc. of cells following transfer by means of an
automatic pipette to a quartz tube. The method of Consolazio
and Talbott (4) was used with the additional step of hydrolyzing
the ash by the addition of a few drops of concentrated hydrochloric
acid and subsequently drying. Duplicate determinations were
made on each sample; the usual variation in duplicates was about
5 m.eq. per liter.
For the determination of sodium and water content the re-
maining cells were transferred to tared and covered platinum
crucibles. Water content was determined after drying at 105°C.
for 12 hours or longer and the substitution of values in the equa-
tion (5)
(Sp. Gr)0 = 1.3 — 0.3 (%H2O)
(H2O) = (%1120)a. (Sp. Gr.)0. 1000
The dried cells in the platinum crucibles were charred on an
electric hot-plate with a few drops of concentrated sulfuric acid and
ashed in an electric muffle. Sodium was determined according
to the method described by Butler and Tuthill (6) as modified by
Consolazio and Dill (7). The ash was dissolved in 1 cc. of con-
centrated hydrochloric acid and 3 cc. of water and redried at
105°C. The ash was redissolved in a few drops of iN hydro-
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chiorie acid, transferred slowly to the uranyl-zinc-acetate solu-
tion, and stirred for 10 minutes in order to prevent formation of
large floccules. The weighing of the Jena crucible for the deter-
mination of sodium was made after the precipitate was dry.
For the determination of phosphate the precipitate was then
washed 4 times with 2 cc. portions each of distilled water, shaking
vigorougly for a few minutes with each washing so as to break
up the precipitate. As the sodium salt is soluble, only the in-
soluble phosphate salts remain. The precipitate was dried and
re-weighed. pH was determined according to the description of
Dill et al. (8). Serum water was determined by drying a meas-
ured amount of serum. The other determinations were done
with methods as described (9).
The cell permeability studies were performed on 6 patients
with pemphigus during an exacerbation and on 6 control subjects.
The methods were similar to those described elsewhere (3). The
migration of sodium and potassium was studied during a 4 hour
period in two dilutions (1: 1 and 1:21) of isotonic saline (0.85%)
and isotonic sucrose (0.291 N), respectively, and in undiluted
whole blood. All equilibrations were carried out at 40°C. under
laboratory atmospheric conditions.
RESULTS
The concentrations of constituents in the erythrocytes of 6
normal persons are given in table II. Since our measurements of
cell sodium were made directly upon packed red blood cells they
should be compared with the data in the literature which were
collected by a similar technique (10, 11, 12, 13, 14, 15, 16). This
procedure is emphasized as opposed to the calculation of cell
sodium from determination of plasma and whole blood sodium
and cell volume (17, 18). Minute amounts of plasma may
remain adherent to the cells and our cell sodium concentrations
may be slightly higher than actually exist in vivo; it may be
stressed, however, that with the precautions exercised, any error
from phosphate occlusion which tends to make the values low,
has been avoided. The washing of cells with isotonic solutions
and subsequent determination of cation content is believed to
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be an inadvisable procedure, since we have shown that the normal
erythrocyte is permeable to sodium (3).
TABLE II
Concentration of electrolytes in blood from normal subjects
Observations on 10 samples of blood collected by the authors and observations
reported in the literature
CELLS SERUM
DATE SUBJECT SEX
I5 B 5
meg. m.eq. r m.eg. m.eq. meg. meg. gm. m er
1940 per per 1)e per per per per perliter liter er cen liter liter liter liter liter
11/ 6 E. J. 9 12.0 101.8 140.1 3.9
9/16 13.6 101.5 41.7 138.1 3.9 931
11/ 6 N. B. K. 12.4 99.9 46 140.1 4.0 929
11/12 W. L. 12.9 95.4 142.5 4.9
8/29 14.1 99.5 46 142.4 4.1 930
11/ 6 J. S. d' 13.4 95.7 141.5 4.3
11/ 6 R. S. M. 13.7 96.3 142.2 4.0
7/25 12.6 98.3 48.3140.1 4.4
11/ 6 A. B. 9 14.9 96.9 140.2 3.7
8/ 1 14.3 97.8 41.7
Average 13.4 98.3 44.9140.8 4.1 930
Dill et al. (8),
average 720 44.8140.0 5.3 104672.2 938
Shohl (26), aver-
age 10 105 650 145 5 5 104 920
Maizels (10) 87—119
Average (80%).. 96—113
Dill et al. (16),
average 14.9 93.7 726 44.5139.3 3.3 4.7106.868.6 939
Butler and Mac-
Kay (11)
— —
711—724
— — —
926—933
Corresponding data from the patients with pemphigus are given
in tables III and IV. Representative determinations only are
presented. When the concentration of cell sodium varied less
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than 1 m.eq. per liter the clinical condition was unaltered and
the subsequent values are not given in the tables.
within the range of 12.0 to 14.9 m.eq./1., each of 10 determinations
on patients during an exacerbation was 17.5 m.eq./l. or greater.
An excellent correlation was noted between cell sodium and
clinical condition. Whereas the normal cell sodium values were
This is an increase of 25 per cent over the average for normals.
In two patients who were desperately ill, I. F. and F. K., the
values were 25.6 and 25.2 m.eq./l., respectively. Each of the 35
TABLE IV
Carbon dioxide and hydrogen ion content of arterial serum and cells
CELLS SBRUM
SUBJECT DATE Carbon Carbon CONDITION
dioxide pH dioxide pH
content content
vol. per cent vol. per cent
N P 11/19/40 38.7 7.09 61.0 7.35 Poor
1 11/27/40 33.5 6.98 55.2 7.32 Poor
I D 11/19/40
39.1 7.08 68.1 7.44 Fair
1 11/27/40 34.5 7.02 59.0 7.37 Poor
A J 11/19/40 31.5 6.99 57.3 7.38 Fair
1 11/26/40 34.9 7.14 54.0 7.36 Fair
A.D.F. 11/30/40 37.3 7.10 62.9 7.34 Fair
Average for normals 7.19 7.40
determinations which were made upon patients in a remission was
either in the normal range or below. The lowest value observed
was 8.6 m.eq./l. in D. P. Two patients, E. S. and A. D. F., al-
though in good general condition, continued to develop lesions
from time to time. Their cell sodium levels ranged between
those for normals and those for patients who were acutely ill.
The increase in concentration of cell sodium in the pemphigus
patients appeared early in the exacerbation while the decrease
toward normal or even subnormal levels accompanied clinical
improvement. At times it preceded obvious clinical gain and
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occurred with the earliest signs of subjective improvement, such
as in A. J. on 11/19/40.
The change in concentration of cell sodium appeared to follow
the clinical state even more closely than did the decrease in con-
centration of plasma sodium or protein. This is illustrated by
N. P., on 12/4/40, I. D., on 12/20/40 and A. J. on 12/2/40 and
thereafter. Normal cell sodium levels were observed in the
patients with generalized epidermolysis bullosa and Addison's
disease, respectively.
The cell water concentrations were slightly above normal but
the variations were irregular and did not parallel the clinical
course. Forty determinations varied from 717 to 744; 20 were
greater than 730. We are reluctant to attribute any especial
significance to these findings.
The cell potassium concentrations in pemphigus patients ranged
from 91.3 to 127.5 m.eq. per liter as opposed to the normal range
of 95.7 to 101.8 m.eq. per liter. One patient, I. D., had a normal
value in each of 5 samples of blood taken early in the disease,
while 7 samples taken later showed an increased concentration.
Twenty-eight observations on 8 patients were above the normal
range. Seven observations on 4 patients, on the other hand,
were within the average range for normals except for a single low
value. The bloods were taken in each instance when the patient
had been in a remission for a considerable length of time. It is
concluded that there is a tendency toward an increased concen-
tration of cell potassium in patients with pemphigus.
The data on plasma electrolytes show little that has not been
discussed in previous communications (1, 2). pH and alkaline
reserve (table IV) were determined in plasma and whole blood
and calculated for cells (8). These values were within the aver-
age range for normals. Following treatment with desoxycortico-
sterone acetate, I. D. and N. P. had an increased CO2 content of
arterial plasma and cells. This is associated, presumably with
the sodium retaining property of the hormone. Variations in
serum above the normal range were noted in samples with a low
serum protein. The reciprocal relationship between serum pro-
tein and serum water was, therefore, maintained. Changes in
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concentration of serum calcium and nonprotein nitrogen during
treatment with A.T. 10 are apparent in table III. The signifi-
cance of these observations has been discussed elsewhere (2).
The increase in concentration of cell potassium and sodium
occurred without any compensating reduction in concentration
of hemoglobin as determined by cell total nitrogen or hematocrit
and Sahli method for hemoglobin. The maintenance of a normal
pH implies an increase in anions with an equi-molar increase in
cations. These changes are associated usually with an increase
in cell osmotic pressure. It is interesting to learn, therefore, that
there appears to be a decrease in serum osmotic pressure as de-
termined by the concentrations of total base and protein. That
a state of disturbed equilibrium exists between serum and cells
was confirmed by the permeability experiments, the results of
which follow.
The migration of potassium from red cells suspended in each of
the 4 isotonic solutions, is indistinguishable from the normal rate
(3). The loss of potassium by the cells when equilibrated in the
native plasma resembles the normal, also, although the initial
levels are scattered over a higher range (fig. I). There is no
apparent loss of potassium during the first 4 to 6 hours and only
slight hemolysis subsequently. The amount of hemolysis, how-
ever, is not sufficient to account for all of the potassium lost as
Scudder et a!. (19) and De Gowin et al. (20) have observed for
long term experiments on normal human blood. The hemoglobin
content of sera in our experiments at the end of 24 hours had
shown that less than 12 per cent of the total cells were hemolyzed,
while the loss of potassium was as great as 28 per cent.
The transfer of sodium from plasma to cells behaves in a dif-
ferent fashion from normal (fig. II). Instead of a constant in-
crease of sodium in the red cells as normally found, there is a
decrease during the first few hours. The time expended in reach-
ing the maximum loss by the cells is related to the initial increase
in concentration of cell sodium. Thus, in I. F. the sodium con-
tent decreased for 6 hours from a value of 25.3 to 17.5 m.eq. per
liter; in N. P. it decreased from 21.2 to 16.0 m.eq. per liter in 2
hours and in A. J. it decreased from 18.2 to 15.6 m.eq. per liter in
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1 hours. After the normal level of cell sodium is reached, sodium
from the plasma proceeds to enter at a rate similar to normals.
A shift of an electrolyte from one blood phase to the other
might be expected to be followed by equivalent changes in con-
centration in the second phase. This is not obvious from our
data. The explanation is apparent when it is appreciated that
concentrations are altered by volume as well as migration of
electrolytes. The changes observed in cell analyses, however,
OI.F.FK VNP•AJ.
D Lfl 0 D.R
10
:I
HoDMAVrGt
0 2 5 4
HOURS
Fro. I. CHANGE IN POTASSIUM CONCENTRATION PER ORIGINAL LITER OF CELLS
EQUILIBRATED WITH NATIVE PLASMA
were absolute and not related to volume changes, except for
hemolysis which reduces the apparent cell content, after 6 hours
and reaches the maximum of approximately 10 per cent at 24
hours. Serum concentrations, however, represent the concen-
tration of base at the time of separation and reflect both electro-
lyte and volume changes. The effect of changes in the water
content of the plasma during equilibration must be considered,
therefore.
"a
-J
108
10'
1N
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Water exchange was determined from hematocrit, serum water
content, serum solid content, and by calculation based upon ob-
served concentration of plasma sodium and observed absolute
change in content of sodium. The hematocrit data are given in
table V. Since cell volume determinations are subject to con-
siderable error, the trends only are considered significant. The
increase in cell volume in all patients except A. J. is small. How-
-J
III
to 1. 2. 3 4
HOURS
FIG. II. CHANGE IN SoDIUM CONCENTRATION PER ORIGINAL LITER OF CELLS
EQUILIBRATED WITH NATIVE PLASMA
ever, an appreciable water shift from plasma to cells is presumed
to have occurred late in the experiment because of the mainten-
ance of cell volume in the presence of hemolysis which was present
in all samples after 6 hours. The increases, however, were less
than in normals where significant volume changes were noted
despite hemolysis.
Direct determinations of serum water were unsatisfactory be-
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cause of the small volume of serum available which required that
data be obtained from samples weighed in the same open con-
tainers which were used later for determination of sodium and
potassium. The changes were erratic but a loss of water over
the 24 hour period was obvious in most instances.
The determination of total solids per liter of serum is believed
to be more reliable. The data are given in figure III. Four of
the 6 pemphigus patients show changes similar to normal. The
exceptions (D. P. and N. P.) have a similar trend but a much
lower content of solids. The apparent steady increase in serum
solid concentration does not imply a steady loss of water. In the
TABLE V
Cell volume of whole blood after incubating for various periods of time and
centrifuging at 3000 r.p.m. for nwre than 40 minutes
SUBJECTS
TIME COMMENTS
I. F.
per cent
A. J. F. K.
per cent per cent
D. P.
per cent
I. D.
per cent
N. P.
per cent
30mm. 46 39 41 26 48 35
1 hr. 30 mm. 39 37 26 48 36
2 hr. 30 mm. 47 40 40 27 48 36
4 hr. 30 mm. 48 40 40 25 50 37 Slight hemolysis
6 hr. 30 mm. 50 42 43 26 49 38 Moderate hemolysis
8 hr. 30 mm. 48 44 40 25 50 38 Moderate hemolysis
14 hr. 44 43 28 51 40 Marked hemolysis
26 hr. 49 44 40 27 49 37 Marked hemolysis
first portion of the curves on normals this explanation is appli-
cable. In the pemphigus experiments the gain of sodium from the
cells contributes early, while hemolysis is a factor toward the end
of each experiment in normal as well as in pemphigus blood. The
formula
V0 (B)
was employed (3). The symbols are as follows: Vt equals final
plasma volume at time t; V0 original volume; (B)0 and t con-
centration of base in original and final sera, respectively; and B
absolute change in base per volume of original serum as deter-
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FIG. III. CHANGE IN CONCENThAI'ION OF PLASMA SOLIDS DURING EQUILIBRATION
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mined from cell data. It has been assumed as a reasonable
approximation that the volume occupied by B is zero.
The changes in serum volume per liter of original serum as
calculated from the observed sodium exchanges, are plotted as a
function of time in figure IV. Calculations based upon potassium
observations are not given because of reasons presented else-
where (3). The curves are similar to the hematocrit changes and
are abnormal in all except one instance (A. 3.).
-I
Fm. V. CHANGE IN EQUILIBRATED WITH
The position of the curves representing changes in serum
sodium concentration are below normal at first (figure V) and
later show a more sustained rise in 4 experiments but a normal
rise in 2. As is apparent from the different shapes of the cal-
culated water exchange the corrections for water shift are not
uniform (3). However, it may be observed that the effect of
such correction is to make the plasma sodium curves conform to
those for the cells in each instance.
4
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In summary, it is believed that the serum curves by themselves
are of minor significance. They were used, principally, to cal-
culate water exchange which was abnormal as will be discussed
below. When the appropriate corrections are made the serum
curves reflect the cell changes and are normal with respect to
potassium but not with respect to sodium.
DISCUSSION
The data from the patient with Addison's disease as well as
from the patient with generalized epidermolysis bullosa suggest
that the increased concentrations of cell sodium observed in
patients with pemphigus are probably related neither to reduction
in serum sodium nor to salt or fluid loss through the skin. In the
patient with Addison's disease a normal cell sodium was observed
while the serum sodium was below normal. Similar data have
been reported in adrenal insufficiency in the dog (21). In the cat
and the rabbit, a reduction of cell sodium accompanies reduction
of serum sodium following adrenalectomy or intra-peritoneal in-
jection of glucose (22, 23). In normal man (24) there appears to
be no direct correlation between concentration of cell and serum
sodium. In the patient with epidermolysis bullosa, despite the
loss of fluid through the skin, the cell sodium was normal. Fur-
thermore, changes in cell sodium in pemphigus may precede any
obvious change in clinical state and a reduction in cell sodium
occurs early in a remission before salt and water loss through the
skin becomes diminished appreciably. Treatment with either
A.T. 10 (dihydrotachysterol) or desoxycorticosterone (2) appeared
to have no immediate effect on cell sodium concentration. It was
concluded that the clinical state followed closely the cell sodium
level and that no other variable was associated directly with cell
sodium.
The observations on potassium content of cells, equilibrated
with plasma at 40°C. demonstrate an impermeability in pemphi-
gus to this base just as in normals, The migration of potassium
as hemolysis appears has been interpreted in normals as an index
of injury to the cell membrane (3). Similarly, injury to the cell
rather than stretching of the cell membrane to a critical size was
believed to be the correct explanation of potassium loss in pem-
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phigus as in normals since potassium loss precedes any significant
amount of swelling. Thus, in figure IV it is apparent that no
water migrated into the cells at the time that potassium loss
became apparent.
The variations observed in transfer of water were related to
sodium exchange which in turn were associated with an original
increase of cell sodium above normal. The two patients with the
greatest increase in cell sodium, I. F. and F. K., lost water from
the cells during the first 4 hours after equilibration. In two
patients N. P. and I. D., there was no significant transfer of water
between cells and plasma for 8 hours; a fifth patient, A. J. with
the lowest cell sodium, showed a normal transfer of water.
The sodium content of the cell in patients with pemphigus in an
exacerbation is above normal and the osmotic pressure is believed
to be increased. The gain of sodium in vivo and loss in vitro are
interpreted as evidence of normal permeability of the eryth-
rocytes to this base.
A state of osmotic disequilibrium between the two blood phases
appears to exist in pemphigus patients as a result of the increased
cellular osmotic pressure and the reduced plasma osmotic pres-
sure. But there must be a force active in the determination of
electrolyte distribution in vivo in addition to osmotic forces. It
is suggested that this force may be metabolic (3, 24). We regard
as evidence for such an interpretation, (1) the correction of the
abnormal distribution of sodium when the blood is liberated from
metabolic forces (in vitro), and (2) the constancy of the cell sodium
concentrations in the patients studied when their clinical condi-
tion remained constant, whereas the cell sodium concentration
changed dramatically with changes in clinical state, related pre-
sumably to metabolic changes.
SUMMARY
1. Concentrations of sodium, potassium and water in the red
blood cells were determined in patients with pemphigus and in
controls.
2. The average range for cell sodium in normals was 12.0 to
14.9 m.eq. per liter.
3. A striking correlation between increased concentration of
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cell sodium and exacerbation of pemphigus lesions was observed.
During a clinical remission the cell sodium returned to normal or
subnormal levels.
4. Concentration of cell potassium was slightly above normal
in pemphigus and remained elevated without regard to clinical
state.
5. The permeability of the erythrocyte to base was determined
by equilibration experiments. In pemphigus, as in normals the
erythrocyte membrane was found to be impermeable to potassium
and permeable to sodium.
6. The increased concentration of cell sodium in exacerbations
of pemphigus is restored during in vitro experiments.
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